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1. Field of the Invention 

This invention relates to a photoelectric switch, and in 
particular to a photoelectric switch having a display section. 

2. Discussion of the Related Art 

A photoelectric switch is used to detect the presence or 
absence of a detected object on the manufacturing premise, as for 
example, in a production inspection step. The demands for the 
manufacturing premises to make industrial products, such as 
miniaturization, manufacturing cost reduction, quality 
improvement, etc., are increasingly severe with each passing 
year. In such an environment, the performance required for 
various sensors or switches is also becoming higher and the 
demands for higher f unctionability stronger. The demand for 
saving space affects the photoelectric switch and additional 
miniaturization of the electric switch is always needed. 

Some known photoelectric switches in the related arts 
comprise a display section. In this kind of photoelectric 
switch, for example, while a threshold value is displayed, a 



switch or a button can be pressed to finely adjust the setup 
threshold value. 

When a large number of functions are set or adjusted, the 
number of times a button or a switch is operated is increased to 
5 display information concerning the setting or adjusting. If the 
spacing between adjacent buttons or switches becomes narrower 
with miniaturization, the problem of erroneous operation is 
always involved. Once an erroneous operation is performed, to 
start again from the beginning, a button or a switch is 

m repetitively pressed to return to the initial display item and 

M 

Si further a button or a switch must be pressed multiple times to 
return to the problem display item. This extremely burdensome 
work is forced on the user. 

SUMMARY OF THE INVENTION 



It is therefore a first object of the invention to provide a 
photoelectric switch having a large number of user functions with 
a limited number of switches or buttons. 

It is a second object of the invention to provide a 
photoelectric switch which makes it possible to reduce the number 
of times a button or a switch is pressed to adjust the 
photoelectric switch while displaying multifunctional data. 
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It is a third object of the invention to provide a 
photoelectric switch that would appear to the typical user as if 
it were limited to the frequently used functions of operation 
even though the photoelectric switch would be, in fact, 
multifunctional . 

It is a fourth object of the invention to provide a 
multifunctional photoelectric switch that can be easily used by a 
wide range of users regardless of the user's familiarity with 
handling a photoelectric switch. 

The above-mentioned objects can be achieved by a 
multifunctional photoelectric switch having a display section, 
y according to the present invention, wherein information 

^ concerning the photoelectric switch can be displayed in the 

Q 

jjj display section and the display contents of the display 
h§ information can be changed or adjusted. The photoelectric switch 
fU comprises: a display section for displaying one of a first 

display information and a second display information, the first 
display information including a plurality of items concerning a 
threshold value, the second display information including a 
plurality of items concerning functions of the photoelectric 
switch; a switch for switching information to be displayed on the 
display section between the first display information and the 
second display information, and wherein when the second display 
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information is displayed on the display section, only a part of 
the plurality of items or all of the plurality of items in the 
second display information are sequentially displayed on the 
display section. 

In the above-mentioned photoelectric switch, it is 
preferable that when the first display information is displayed 
on the display section, only some of the items or all of the 
items of the first display information are displayed on the 
display section. 

Further, in the above-mentioned photoelectric switch, it is 
preferable that the user can select some of items or the all of 
the items in the second display information to display the 
selected items on the display section. When the choice, some of 

o 

^ the items, is selected, only some functions of the photoelectric 
% switch are displayed. The items related to the basic operational 

o 

pj settings of the photoelectric switch and/or relatively frequently 
used items may be adopted as the items displayed in the choice, 
some of the items. 

In the above-mentioned photoelectric switch, it is also 
2 0 preferable that according to the selection by the user, all of 

the items can be displayed, or on the other hand, only a limited 
number of items can be displayed. In such a situation, if a 
general user causes the photoelectric switch to display only 
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limited items, the photoelectric switch does not display items 
whose setting is not required and the user can thus complete 
setting the photoelectric switch by matching the detection 
environment and not by the cumbersome operation equivalent with 
that of a photoelectric switch with only limited functions. 

On the other hand, if the user has extensive knowledge of a 
photoelectric switch and can fully use the photoelectric switch, 
he or she can display all items in the display section of the 
photoelectric switch for setting or adjusting all of the 
functions of the multifunctional photoelectric switch as the user 
desires . 

BRIEF DESCRIPTION OF THE DRAWINGS 



% The above and other objects and features of the present 

HI invention will be clearly understood from the following 

description with respect to the preferred embodiment thereof when 
considered in conjunction with the accompanying drawings and 
diagrams, in which: 

20 FIG - 1 is a perspective view of a reflection-type 

photoelectric switch with a dual monitor according to a first 
embodiment of the present invention; 

FIG. 2 is a plan view of the photoelectric switch in FIG. 1 
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according to the first embodiment of the present invention; 

FIG. 3 is a block diagram of the photoelectric switch in 
FIG. 1 according to the first embodiment of the present 
invention; 

5 FIG. 4 is a schematic representation of an outline of a 

display method of the first embodiment of the present invention; 

FIG. 5 is a drawing which shows the display form of the in 
basic display information in the first embodiment and the flow of 
the display items on the basic information display; 
^JJ FIG - 6 is a drawing showing an example of how to display the 

Nj tolerance in a bar form with four-digit display comprising four 
5 seven_se 9 ment elements placed side by side; 

FIG. 7 is a flowchart showing a full display mode (Full 
mode) on the basic information display of the first embodiment; 
FIG - 8 is a drawing, showing a mode selection in a second 
PJ information display; 

FIG. 9 is a flowchart showing the flow from a full display 
mode ("Full" mode) to the mode selection in the second 
information display; 
2 0 FIG. 10 is a flowchart showing the flow from a partial 

display mode ("Std" mode) to the mode selection in the second 
information display; 

FIG. 11 is a flowchart showing the flow from the basic 



- 6 - 



information display to the mode selection in the second 
information display; 

FIG. 12 is a drawing showing the display form of the second 
information display in an "Easy" mode and a flow of the display 
items in the second information display; 

FIG. 13 is a flowchart showing the flow of the operation 
mode switch item in the "Easy" mode; 

FIG. 14 is a flowchart showing the flow of items displayed 
in the "Easy" mode; 

FIG. 15 is a drawing showing the display form of the second 
information display in a "Pro" mode and the flow of display items 
in the second information display; 

FIG. 16 is a schematic representation of an outline of a 
display method according to a second embodiment of the present 
invention; 

FIG. 17 is a flowchart to describe the flow of items 
displayed in a basic information display ("Full" mode display) in 
the second embodiment; 

FIG. 18 is a flowchart showing the flow of items displayed 
in the basic information display ("Std" mode display) in the 
second embodiment; 

FIG. 19 is a drawing showing the display form of the basic 
information display in the second embodiment and the flow of the 
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display items in the basic information display; 

FIG. 2 0 is a drawing showing the display form in the 
operation function setting mode of the second information display 
in the second embodiment and the flow of display items in the 
5 operation function setting mode; 

FIG. 21 is a drawing showing the display form in display 
function setting mode of the third information display in the 
second embodiment and the flow of display items in the display 
function setting mode; 
x 2 FIG - 22 is a schematic representation of an outline of a 

^ display method according to a third embodiment of the present 

^ invention; 

W 
lip 

a FIG. 23 is a drawing showing switching from the basic 

|y information display directly to an operation function setting 

I'll mode of the second information display in the third embodiment; 

Q 

W FIG - 24 is a drawing showing the step of selecting an 

advancing item display in the operation function setting mode in 
an intermediate point of a display flow of items in the operation 
function setting mode of the second information display according 
2 0 to the third embodiment; 

FIG. 25 is a drawing showing the information display form in 
the operation function setting mode if the second display 
information of the third embodiment and the flow of display items 
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in the operation function setting mode; 

FIG. 26 is a schematic representation of an outline of a 
display method according to a fourth embodiment of the present 
invention; 

FIG. 27 is a flowchart showing the flow from a basic display 
mode ("Std" mode) to a mode selection to display the second or 
third information display in the selected mode in the selection 
step; 

FIG. 28 is a drawing showing the mode selection in the 
fourth embodiment; 

FIG. 29 is a drawing showing the display form in an "Easy" 
mode concerning the second information display in the fourth 
embodiment and the flow of display items in the second display 
information; 

FIG. 3 0 is a drawing showing the display form in a "Pro" 
mode concerning the second display information in the fourth 
embodiment and the flow of display items in the second display 
information; 

FIG. 31 is a drawing showing the display form in a "display" 
mode concerning the third information display in the fourth 
embodiment and the flow of display items in the third display 
information; 

FIG. 32 is a drawing showing the display form in the second 
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display information and the flow of display items thereon in a 
specific example to describe the fact that the invention can be 
applied to a photoelectric switch comprising one display section; 
FIG. 33 is a drawing showing a step of conducting the mode 
5 selection concerning the display in the second information 
display as with, the first embodiment only with one display 
section; 

FIG. 34 is a drawing showing the display form and the flow 
of display items in an "Easy" mode like that of the first 

1© embodiment but with only one display section; 

O 

J FIG - 35 is a drawing showing the display form and the flow 

jjjj of display items in a "Pro" mode like that of the first 
embodiment but with only one display section; 

FIG. 36 is a perspective view of a laser- type photoelectric 

switch that incorporates the present invention; 

Q 

fy FIG. 37 is an enlarged scale drawings showing a portion of a 

bar LED monitor placed on the photoelectric switch shown in FIG. 
36; 

FIG. 38 is a circuit diagram of the laser-type photoelectric 
20 switch in FIG. 36; 

FIG. 3 9 is a perspective view of a separate- type 
photoelectric switch that can incorporate the present invention; 
and 
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FIG. 40 is a perspective view of a head unit of a modified 
example of the photoelectric switch in FIG. 3 9 according to the 
present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the accompanying drawings, the preferred 
embodiments of the invention are shown. 

FIGS. 1 and 2 show a photoelectric switch of a first 

]fg embodiment of the invention. As a described above, FIG. 1 is a 

G 

SI perspective view of the photoelectric switch and FIG. 2 is a plan 

sss 

+j view of the photoelectric switch. The photoelectric switch 100 

~ s shown in the figures is a reflection-type photoelectric switch 

O 

fy for emitting light to a detected object and receiving its 

h* 

x ® reflected light. The photoelectric switch 100 is also an 
fy integral -type photoelectric switch comprising a light emission 
element and a light reception element placed on a main unit in 
which also include an amplifier, a CPU, and the like. 

The photoelectric switch 100 has a narrow and comparatively 
2 0 elongated box- like casing 11. The casing 11 contains a light 

emission element 12 and a light reception element 13, and optical 
fibers 14 and 15 facing both of the elements 12 and 13 (see FIG. 
3) . The optical fibers 14 and 15 extend to the outside from one 
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end face of the casing 11. Power supply to and output from the 
photoelectric switch 100 are performed through a cable 16 (see 
FIG. 1) . The cable 16 extends from the other end face of the 
casing 11. 

The casing 11 has a comparatively elongated and roughly 
rectangular top face 11a. As best shown in FIG 2, first and 
second display sections 17 and 18 are placed adjacent in a side 
by side fashion in the lengthwise direction of the top face 11a 
of the casing 11 on at the same plane of the top face 11a. Each 
of the first and second display sections 17 and 18 has four 
subsections placed adjacent in a side by side fashion in the 
jj lengthwise direction of the top face 11a of the casing 11. Each 

B " subsection is implemented as a seven-segment LED. That is, each 

O 

fil of the first and second display sections 17 and 18 can display 
jj§ four numbers or alphanumeric characters side by side. Therefore, 
ft) for example, when a numeric value is displayed on the first or 
second display section 17 or 18, a four-digit numeric value can 
be displayed. The seven- segment LED may be implemented as 
single-color LED or two-color LED. The first or second display 
sections 17 or 18 may be implemented as a monochrome or color 
liquid crystal display (LCD) . 

The casing 11 has on the top face 11a, an output logic 
switch 19, an output on/off indicator 20, a swing- type threshold 
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value adjustment switch (or up/down key) 21, a threshold value 
set switch (or key) 22, and a display mode switch key 23 (simply 
called the M key) . A one-way draw lid 24 (see FIG. 1) is 
attached to the other end of the top face 11a of the casing 11 
via a pivot connection. The lid 24 can cover the top face 11a. 

Placement of the three switches or keys on the casing 11 
will be discussed in detail. The threshold value set key 22 is 
placed at one end part of the casing 11 in the lengthwise 
direction thereof. On the other hand, the up/down key 21 and the 
M key 23 are placed at the other end part of the casing 11 in the 
lengthwise direction thereof. That is, relative to the two 
jp display sections 17 and 18 placed adjacent to one another in a 

side by side fashion, the threshold value set key 22 is placed on 
one side (left of the first display section 17) , and the up/down 
key 21 and the M key 23 are placed on the other side (right of 
the second display section 18) . The up/down key 21 is placed 
adjacent to the second display section 18 on the right. The M 
key 23 is placed at the right end of the casing away from the 
second display section 18. 

Thus, the two left and right display sections 17 and 18 are 
placed adjacent to one another in a side by side fashion, so that 
two information pieces such as the threshold value, the light 
reception amount, etc., can be displayed side by side as 
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described later. Thus the user can read the two information 
pieces without moving his or her gaze. On the narrow top face 
11a of the casing 11 of the embodiment, the threshold value set 
switch (or key) 22 is placed on one side and the threshold value 
adjustment switch (up/down key) 21 is placed on the other side 
with the first and second display sections 17 and 18 placed side 
by side therebetween. Therefore, the part for setting the 
threshold value (the left part of the first display section 17 
where the threshold value set key 22 is placed) and the part for 
adjusting the threshold value (the right part of the second 
display section 18 where the up/down key 21 is placed) are spaced 
a large distance from each other. Thus, there is no fear of 
pressing the wrong key or switch by mistake such as when one key 
or switch is pressed in the case where the keys or switches 21 
and 22 are placed adjacent to each other. 

Likewise, the threshold value set key 22 and the mode change 
switch (or M key) 23 involved in two different operation 
determinations are placed a large distance from each other with 
the display sections 17 and 18 therebetween. Thus there is no 
fear of erroneously operating the keys or switches 22 and 23. 

The output on/off indicator 20 is turned on or off when 
indicating an output state of detecting the presence or absence 
of a detected object from the relationship between the light 
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reception amount and the threshold value. The logic (turning on 
or off when the output is on) of the relationship between turning 
on or off the output on/off indicator 20 and the output state can 
be changed by operating the output logic switch 19. The up/down 
5 key 21 is used to finely adjust the threshold of value as is 
described later. One side or the other side of the swing-type 
up/down key 21 is selectively pressed, whereby the threshold of 
value can be adjusted. 

The threshold value set key 22 is used to automatically set 
l|| a threshold value. That is, if the threshold value set key 22 is 

o 

M pressed with a detected object T (see FIG. 3) placed in a 

4- detection area and then is again pressed with the detected object 

^ E T removed from the detection area, the value between the light 

ft 

reception amount when the detected object T exists and that when 
the detected object T is removed is automatically set as a 
threshold value. The setup threshold value is displayed on the 
first display section 17 or the second display section 18, as 
described later in more detail. The M key 23 is used to switch 
display information of the first and second display sections 17 
and 18 and change the displayed items in the switched display 
information, as described later in more detail. 

FIG. 3 is a block diagram to show a whole outline of the 
photoelectric switch 100. The photoelectric switch 100 has a 
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drive circuit 30, a photodiode 31 for monitoring, a light 
reception circuit 32, an A/D converter 33, a gate array or 
control circuit 34, and an output circuit 35. The drive circuit 
3 0 causes the light emission element 12 made of a photodiode, 
etc., for example, to emit light. The light reception circuit 32 
is connected to the light reception element 13 made of a 
photodiode, etc. The A/D converter 3 3 converses an output signal 
from the light reception circuit 32 from an analog form into a 
digital form. The gate array or control circuit 34 controls the 
first and second display sections 17 and 18. The output circuit 



SI 35 sends a signal from the control circuit 34 to the outside 

m 

4<j Signals from an operation section 3 6 containing the switches 21 
" : to 23 such as the threshold value adjustment switch and the 

isi 

fy display mode change switch previously described are input to the 

ju- 

1^ control circuit 34. 

0 

PJ As already known, the photoelectric switch 100 compares the 

amount of light received by the light reception element 13 with a 
threshold value. Then the photoelectric switch 10 0 detects the 
presence of absence of the detected object T depending on the 
larger-than or less-than relationship therebetween, and outputs 
the result. For example, the current amount of light received by 
the light reception element 13 and the threshold value set to 
detect the presence or absence of the detected object T are 
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displayed on the first and second display sections 17 and 18 
described above. Whether the current light reception amount is 
to be displayed on the first display section 17 (left) or the 
second display section 18 (right) is arbitrary. That is, the 
current light reception amount is displayed on either the left 
and right display sections 17 and 18 and the threshold value is 
displayed on the other one. In the embodiment, the threshold 
value is displayed on the first display section 17 (left) and the 
current light reception amount is displayed on the second display 
section 18 (right) . 

Information displayed on the display made up of the first 
and second display sections 17 and 18 is roughly classified into 
the following categories: 

(A) Light reception amount and/or threshold value 

(B) Operation state check 

(C) Various setup items and parameters, namely, operation 
function settings 

(D) Display 

(A) Display items concerning "light reception amount and/or 
20 threshold value" 

(1) Numeric display of current light reception amount 

(2) Numeric display of threshold value 

(3) Percent (%) display of tolerance 
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The tolerance refers to a relative value of the current 
light reception amount to the threshold value and can be 
represented by the following expression: 

Tolerance = (light reception amount )/ (threshold value) 
5 (4) Bar form display of tolerance 

(5) Numeric display of maximum and minimum light reception 
amounts within a predetermined time 

(6) Percent (%) display of maximum and minimum light reception 
amounts within a predetermined time 

gssSr. 

^CB (B) Display items concerning "operation state check" 

M (1) Operation mode check 

jP The operation mode concerns the operation or capability that 

can be set with the photoelectric switch 100 of the embodiment, 
«y and one of the operation modes can be set depending upon the 

|sJL 

\| optimum detection distance, etc. The operation mode will be 

o 

PJ discussed later in detail. 
(2) Timer mode check 

The timer mode will be discussed later. 

(C) Display items concerning "operation function setting" 
2 0 (1) Operation mode switch 

The photoelectric switch 100 can be used with a capability 
adapted for the detection environment as one of the operation 
modes is selected for use, as described later in detail. 



- 18 - 




(2) Timer mode on/off switch and timer value setting 

When the timer mode is set to OFF, if the photoelectric 
switch 100 detects the presence of a detected object T, it 
immediately outputs a detection signal and continues to output 
5 the detection signal while the photoelectric switch 100 detects 
the presence of the detected object T. In contrast, when the 
timer mode is set to ON, an ON signal is output after the 
expiration of a setup delay time after detecting the presence of 
the detected object T or an OFF signal is output after the 
IIS expiration of the setup delay time after the detected object T 

o 

SI disappeared. The delay time (timer value) can also be set 

CP 

*F arbitrarily. 

hf 
HI 

The timer mode on/off switch contains a one-shot control. 

o 

gy The one-shot control is as follows: For example, when a detected 

i* 

x |l object T is detected, an ON signal is output for a given time 

O 

nil from the rising edge of the ON signal. This signal is generated 
only once in response to the detection which is independent of 
the time period during which the detected object T is detected. 
Specifically, when the detected object T is a minute substance 
2 0 and the actual detection time is short,, if the ON signal is to be 
set to a time longer than the detection time, the one- shot 
control is used. In contrast, when the actual detection time is 
long, if the ON signal is to be set to a shorter output time than 
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the detection time, the one-shot control is used. The duration 
of the ON signal output can be set arbitrarily as the timer 
value . 

(3) On/off switch for APC function of photoelectric switch 100 
The APC function is a function for maintaining the light 

emission amount of the light emission element 12 constant as is 
already known. If the APC function is turned on, it works; if 
the APC function is turned off, it is canceled. 

(4) Differential mode switch 

If the differential mode is turned on, the differential 

O 

SI waveform of the light reception amount is output using digital 

jrj processing. The differential mode is used to detect the rising 

CP 

^ or falling edge of a signal when the detected object T passes 

S 

l|l through . 

ljg) (5) Display mode setting in "threshold value display" mode of 
jffj basic display information 

With the photoelectric switch 100, a partial display mode 
for displaying only some items concerning "threshold value 
display" (Std mode) or a full display mode for displaying all 
20 items (Full mode) can be selected. 

(D) Display items concerning "display" 
(1) Eco mode switch 

The eco mode can be set to two levels. The first level is 
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called Half mode and it includes a numeric value. This mode 
changes simply to a display form like a small red or green lamp, 
for example. When some key is pressed, the display form is 
restored to the normal display, namely, an alphanumeric display. 
5 The second level is called the All mode. In this mode when a key 
is pressed after the numeric value is completely turned off, the 
display form is restored to the normal display. 
(2) Display value shift switch 

When displaying the light reception amount, the numeric 
10 value is shifted. If the display value shift switch is turned 

\ s 

£ off, the numeric value corresponding to the actual light 

i 

5 reception amount is displayed; if the display value shift switch 

I is turned on, a numeric value larger or smaller than the actual 

Q 

ft numeric value is displayed. The numerical value can be any 

111 desired numeric value set by the user. For example, when four 

o 

rtJ photoelectric switches are placed side by side, if different 
light reception amounts are displayed on the photoelectric 
switches, the display value shift switch is used to visually 
unify the displayed numeric values. 
2 0 The enumerated display items are simply described by way of 

example and if the photoelectric switch is made increasingly 
multifunctional, another item may be added as the information to 
be accordingly displayed and the display item will also be 
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changed in response to any additional functions for which the 
photoelectric switch was designed. 

The information display on the first and second display 
sections 17 and 18 of the photoelectric switch 100 is outlined 
follows : 

(1) The information display is roughly classified into a 
first information group and a second information group. 

The first information group displayed as the basic display 
information comprises (A) items concerning "light reception 
amount and/or threshold value" and (B) items concerning 
"operation state check." The second information group as the 
second display information comprises (C) items concerning 
"various setup items and parameters" and (D) items concerning 
"display. " 

More preferably, the information display may be roughly 
classified into three groups or may be roughly classified into 
the four groups of (A) to (D) described above. The items 
enumerated in (A) to (D) may also be classified from another 
viewpoint . 

(2) Considering the user's use frequency, necessity, etc., 
in the first information group forming the basic display 
information, the user can alternately select a partial display 
mode (Std mode) for displaying only items that have a 
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particularly high frequency of use and necessity or a full 
display mode (Full mode) for displaying all items. 

(3) The second display information concerns "operation 
function setting" and "display" in the second information group. 
5 The user can alternately select a partial display mode (Easy 
mode) for only displaying items concerning the basic setting of 
the photoelectric switch 100 or only items having a high 
frequency of use and necessity from among the items contained in 
the second information group or a full display mode (Pro mode) 
ICS for displaying all items. Of course, the items may also be 
^ classified into those concerning operation function setting and 
jjP those concerning display. A first mode for displaying some of 
s the items concerning the operation function setting, a second 
jy mode for displaying all items concerning the operation function 

lag setting, and a third mode for displaying the items concerning 

Q 

fU display may be provided so that the user can select any of the 
first to third modes in response to their purpose. Such a 
classification may be made depending on whether each item is a 
setup item required in the normal use state or a setup item 
20 required in a special use state. 

As for the operation concerning the display on the first and 
second display sections 17 and 18 of the photoelectric switch 
100, when the display mode switch key (M key) 23 is continuously 
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pressed for three seconds or more, for example, which will be 
hereinafter referred to as "long press," a transition is made 
from the display of basic display information so as to display 
the items in the first group ("light reception amount and/or 
5 threshold value display" mode) to the display of the second 
display information so as to display the items in the second 
group ("operation function setting" mode). That is, a transition 
is made from displaying the basic display information in the 
first group to displaying the second display information in the 
ljjP second group provided that the M key 23 has experienced a long 

* press. Of course, a separate key or button dedicated to 

is! 2 

kf switch ing the display group may be provided or the display group 

CP 

a switch function may be added to another switch contained in the 
fy photoelectric switch 100. A transition may also be made from the 
l<jg basic display information to the second display information by 
fU pressing two keys or switches at the same time. If the 

information display is roughly classified into three or more 
groups as described above, for example, a transition may be made 
from the information display for the first group to the 
2 0 information display for the second group and from the information 
display for the second group to the information display for the 
third group by depressing the M key 23 for a long press. 

As for the "light reception amount and/or threshold value 
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display" mode of the basic display information, an item may be 
provided that allows a switch between the Std mode and the Full 
mode in the basic display information and this allows the user to 
select the Std mode or the Full mode in the basic display 
5 information. 

As for the "operation function setting" mode of the second 
display information, switching between the Easy mode and the Pro 
mode may be executed in the process of making a transition from 
the basic display information to the second display information. 
Also, after completing the display of the items in the Easy mode 
Of substantially in the second display information, the user may 
y select proceeding with the display items in the Pro mode or 
B completing the display of the second display information and 
fU returning to the basic display information. 

rD Several specific examples concerning the display with the 

o 

W photoelectric switch 100 will be discussed. 
First embodiment (FIGS. 4 to 15) 

FIG. 4 shows an outline of a first embodiment concerning the 
display using the photoelectric switch 100. A transition can be 
2 0 made from the "light reception amount and/or threshold value 

display" mode of the basic display information that displays the 
items in the first group to the "operation function setting" mode 
of the second display information that displays the items in the 
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second group by a long press of the M key 23. In the process, a 
selection menu for the user to select either Easy or Pro is 
displayed and then the user selects and sets either Easy or Pro 
on the selection menu, whereby the display mode for the second 
display information is set. The menu switch can be executed by 
operating the up/down key 21 to select Easy or Pro and 
subsequently the M key 2 3 is pressed for a comparatively short 
time, whereby the selected mode is set and a transition is made 
to the "operation function setting" mode of the second display 
information. The display of the second display information is 
^ executed in the selected Easy or Pro mode. 

c 

■fi 

"Light reception amount and/or threshold value display" mode 

0 " 

ify (basic display information) for the first group (FIG. 5) 

1*S The display of the basic display information contains the 

o 

W items of (A) "light reception amount and/or threshold value" and 
(B) "operation state check." 

FIG. 5 shows a flow of the basic display information ("light 
reception amount and/or threshold value display" mode) in the 
Full mode. The first display mode of the "light reception amount 
and/or threshold value display" mode ("threshold value (numeric 
value)" Sc "current light reception amount (numeric value)") which 
initially is displayed is switched to the second to fifth display 
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modes concerning the threshold value in order by pressing the M 
key 23 for a comparatively short time. The fifth display mode is 
changed to the sixth display mode for showing the current setup 
state of the operation mode, by further pressing the M key 23 for 
5 a comparatively short time. Then the sixth display mode is 

returned to the first display mode by pressing the M key 23 again 
for a comparatively short time. That is, in the "light reception 
amount and/or threshold value display" mode of the basic display 
information, a full display loop or cycle of switching from the 

im first display mode to the second to sixth display modes in order 

O 

is. s 

j and then returning to the first display mode is formed by 
repetitively pressing the M key 23. 

h 

* The flow of the basic display information in the Std mode is 

fy indicated by the dashed line in FIG. 5. As seen in FIG. 5, in 

IS! the Std mode, if the M key 23 is pressed for a comparatively 

Ej 

fll short time, the first display mode that is initially displayed is 
switched to the second display mode and next the second display 
mode is switched to the sixth display mode. If the M key 23 is 
further pressed for a comparatively short time, the sixth display 
2 0 mode is returned to the first display mode. That is, in the Std 
mode, a partial -display loop or cycle of switching from the first 
display mode to the second display mode by pressing the M key 23, 
and making a transition to the sixth display mode by bypassing 
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the third to fifth display modes based on additional pressing of 
the M key 23, and returning from the sixth display mode to the 
first display mode is formed. 
First display mode 
5 In the first display mode, the threshold value is 

numerically displayed in the first display section 17 and the 
current light reception amount (current value) is numerically 
displayed in the second display section 18. 
Second display mode 

h* 

1® In the second display mode, the tolerance value is 

0. 

M numerically displayed in the first display section 17 and the 

CD 

*; current light reception amount is numerically displayed in the 
second display section 18. The tolerance value refers to a 

o 

fU relative value of the current light reception amount to the 

|* 

1^ threshold value, as previously described. 

Q 

Pj To clearly point out that the numeric value (tolerance 

value) in the first display section 17 is displayed as a 
percentage, the numeric value is followed by the letter P 
(meaning percentage) in the first display section 17 of the 
2 0 second display mode. 
Third display mode 

In the third display mode, the tolerance value is displayed 
in a bar form in the first display section 17 and the current 
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light reception amount is numerically displayed in the second 
display section 18. To display the tolerance value in a bar form 
in the first display section 17, four seven-segment elements 71 
to 74 are grouped to the left and right, four longitudinal 
5 segments 71a, 71b, 72a, and 72b at lower positions (or upper 

positions) of the right two seven-segment elements 71 and 72 are 
used and four longitudinal segments 73a, 73b, 74a, and 74b at 
upper positions (or lower positions) of the left two seven- 
segment elements 73 and 74 are used, as shown in FIG. 6. 
IP To use the bar display form in FIG. 6, the magnitude of the 

J tolerance value can be known, for example, by emitting light from 

as 

jjj the longitudinal segments at the left positions in order with an 

CP 

s increasing tolerance value starting at the right longitudinal 

Q 

Sjj segment 71a. From the fact that the two intermediate seven- 
Is* 

lift segment elements 72 and 73, namely, the longitudinal segment 72b 

q 

Pj at the left of the right seven- segment element 72 and the 

longitudinal segment 73a at the right of the left seven- segment 
element 73, are spaced apart up and down, the user recognizes 
that the threshold value exists therebetween. That is, the 
2 0 longitudinal segments at the lower parts of the right two seven- 
segment elements 71 and 72 and the longitudinal segments at the 
upper parts of the left two seven-segment elements 73 and 74 are 
used, whereby a difference in the vertical level (the difference 
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between the up and down positions) appears in the bars indicating 
the tolerance value extending from the right to the left and can 
inform the user that the difference in the levels is the 
threshold value level . 

For example, if the level of one longitudinal segment is set 
to 5%, the eight upper longitudinal segments and the eight lower 
longitudinal segments contained in the four seven- segment 
elements 71 to 74 (four-digit display) are placed side by side 
and thus if the threshold level is set between the fourth 
longitudinal segment 72b from the right and the fifth 
jjj longitudinal segment 73a from the right, the tolerance value can 
be shown in the range of approximately ±20% with the threshold 
level between. 

The tolerance value may be displayed in bar form so that it 
increases from left to right. The segment elements are not 
limited to the four seven-segment elements 71 to 74 and may be, 
for example, five five-segment elements (five-digit display) . 
The bar display may also be produced using the longitudinal 
segments at the lower positions of the left seven-segment 
elements 73 and 74 and the longitudinal segments at the upper 
positions of the right seven-segment elements 71 and 72. 
Fourth display mode 

On the fourth display mode, the maximum value and the 
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minimum value of light reception amounts within a given time 
period are displayed in the first display section 17 and the 
second display section 18, respectively. On the fourth display 
mode shown in FIG. 5, "PhLd" in the first display section 17 on 
5 the left is short for Peak Hold, namely, this means the maximum 
value and "bhLd" in the second display section 18 on the right is 
short for Bottom Hold, namely, this means the minimum value. 

On the fourth display mode, first the character strings 
"PhLd" and "bhLd" are displayed only for about 0.25 seconds in 
lO the first and second display sections 17 and 18 and then the 
gj displays are automatically switched. Then the numeric value of 

y the maximum value is displayed in the first display section 17 on 

01 

m the left and the numeric value of the minimum value is displayed 

O 

RJ in the second display section 18 on the right. The numeric 

lfj display is continued for one second and then automatically is 

o 

PiJ returned to the character string display of "PhLd" and "bhLd." 
After this, the sequence is repeated. 
Fifth display mode 

In the fifth display mode, the numeric values of converting 
2 0 the maximum value and the minimum value into tolerance values are 
displayed in the first display section 17 and the second display 
section 18. The tolerance value of the maximum value is 
represented by the following expression: 
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Tolerance of maximum value = maximum value/Threshold value 

The tolerance of the minimum value is represented by the 
following expression: 

Tolerance of minimum value = minimum value/Threshold value 
5 the tolerance value is displayed as a percentage on the 

fifth display mode. That is, that tolerance displayed on the 
first and second display section 17 and 1810 be represented by 
the following expression: 

Tolerance of maximum value (%) = (maximum value/ threshold 

m 

ijij value) X 100 

ITU Tolerance of maximum value (%) = (minimum value/ threshold 

i 

jjj value) X 100 

m 

■ Also in the fifth display mode like the fourth display mode 

Q 

lU described above, first the character strings "PhLd" and "bhLd" 



W are displayed only for about 0.25 seconds in the first and second 
^ display sections 17 and 18, and then the displays are 

automatically switched. The numeric value of the tolerance (%) 
of the maximum value is displayed in the first display section 17 
and the numeric value of the tolerance (%) of the minimum value 

20 is displayed in the second display section 18. The numeric 

display is continued for one second and then it is automatically 
returned to the character string display of "PhLd" and "bhLd." 
After this, the sequence is repeated. To clearly point out that 
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the numeric values of the tolerance concerning the maximum value 
and the minimum value in the first and second display sections 17 
and 18 are displayed as a percentage, each numeric value 
indicating the tolerance is followed by the letter P meaning 
percentage in the numeric display of the fifth display mode. 

The setup threshold value can be adjusted by pressing the UP 
or DOWN sides of the swing- type threshold value adjustment switch 
(or up/down key) 21 on every display mode of the first to fifth 
display modes described above. The threshold value when the 

■~ operator stops pressing the up/down key 21 is set as a new 

•Li 
SI 

p threshold value. If the operator presses the up/down key 21 on 

y any of the third to fifth display modes, the display mode is 

B immediately and automatically switched to the second display mode 

fy and while the up/down key 21 is operated, the second display mode 

m 

1*6 is maintained. When the operator stops pressing the up/down key 

0 

rU 21, the second display mode is returned to the former display 
mode which was one of the third to fifth display modes. 
Sixth display mode 

In the sixth display mode, the current setup operation mode 
2 0 is displayed. In the sixth display mode shown in FIG. 5 to check 
the operation mode of the photoelectric switch 100, "Lon" in the 
first display section 17 on the left is short for Light-ON and 
this means that the photoelectric switch is turned ON when light 
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is incident. The display character string "FinE" in the second 
display section 18 on the right indicates the current setup 
operation mode. 

In the sixth display mode, the timer value is also 
displayed. In the sixth display mode shown in FIG. 5, "on-d" in 
the first display section 17 on the left means that the delay 
time until an ON signal is sent to an external machine after the 
photoelectric switch 100 senses light reception, is set. That 
is, it means that the delay time is set from when the 
photoelectric switch 100 detects light reception until an output 
M signal is sent to an external machine. The delay time is 

numerically displayed in the second display section 18 on the 
right. How to set the timer mode will be described later in 
detail . 

^ In the sixth display mode, the setup state of the operation 

Kj mode is dis P!ayed for about 1.5 seconds and then whether or not 
the timer is set is indicated for about 1.5 seconds. The display 
then returns to the display indicating the setup state of the 
operation mode. Then, the sequence is repeated. 

The first to sixth display modes described above are 
switched sequentially and the sixth display mode is returned to 
the first display mode, by pressing the M key 23 for a 
comparatively short time. Then, the sequence is repeated. 



ru 
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The circulatory display switch of the first to sixth display 
modes described above is applied when the "Full" mode is set. On 
the other hand, when the "Std" mode is set, a transition is made 
from the second display mode to the sixth display mode. In the 
5 Std mode, the transition to the third to fifth display modes is 
canceled. 

FIG. 7 shows a flowchart concerning the display item switch 
in the "light reception amount and/or threshold value display" 
mode. Now, assuming that the display mode of the first and 

1Q second display sections 17 and 18 is the first display mode 

Q 

%s (threshold value and current light reception amount) (step SI), 

jjjj if the M key 23 is pressed for a comparatively short time, a 

CP 

^ transition is made from step S2 to step S3 and the first display 

Q 

jjj mode is switched to the second display mode (% display of 

1 ® tolerance and current light reception amount) . Further, if the M 

P 

fij key 23 is pressed on the second display mode, a transition is 

made from step S4 to step S5 . There it is determined whether or 
not the "Std" mode concerning the light reception amount and/or 
threshold value display has been. If the "Std" mode is set 
20 (YES) , steps S6 to Sll are skipped and the control goes to step 
S12 (display of the operation state/operation mode) . On the 
other hand, if the "Full" mode is set at step S5 (NO), control 
goes to step S6 and a bar display of the tolerance value, etc., 
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is executed. 

If the M key 23 is long pressed on any of the first to sixth 
display modes, the display mode is switched to the selection menu 
for selecting "Easy" or "Pro" previously described with reference 
5 to FIG. 4. 

FIG. 8 shows a selection menu for the user to select the 
"Easy" mode or the "Pro" mode to execute the "operation function 
setting" mode (FIG. 4). FIGS. 9 and 10 show outlines of 
operational flows concerning selection of "Easy" or "Pro." FIG. 

¥> 

10 9 is a drawing concerning the "Full" mode and FIG. 10 is a 

H 

S drawing concerning the "Std" mode. As seen in FIGS. 9 and 10, in 

W 

HP the "light reception amount and/or threshold value display" mode, 
the M key 23 can be long pressed for completing the "light 

p 

ipy reception amount and/or threshold value display" mode and 
1 S entering the selection step of the operation mode of the 
fU photoelectric switch 100 (FIG. 8) regardless of which of the 
first to sixth display modes is displayed. 

FIG. 11 is a detailed flowchart concerning selection of 
"Easy" or "Pro." Referring to FIG. 11, if the M key 23 is long 
2 0 pressed in any display mode on the first to sixth display modes 
of the basic display information (see FIG. 5) (step S20) , the 
"light reception amount and/or threshold value display" mode of 
the basic display information is exited and the selection step of 
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the operation mode of the photoelectric switch 100 is entered and 
the character string "Easy" is displayed in the first display 
section 17 on the left (step S21, FIG. 8) . 

The display in the first display section 17 is changed to 
the character string "Pro" by pressing the up/down key 21 (see 
FIG. 8) . As the user presses the M key 23 for a comparatively 
short time when the character string "Easy" is displayed in the 
first display section 17 (step S22) , the "Easy" mode can be set, 
and the "operation function setting" mode of the second display 
lg information is entered (step S23) . In the "Easy" mode, the items 

Si are displayed according to a flow shown in FIG. 12. 

CP 

jP In contrast, as the user presses the M key 23 for a 

comparatively short time when the character string "Pro" is 

O 

Pj displayed in the first display section 17 (step S22) , the "Pro" 

1^ mode can be set, and the "operation function setting" mode is 

D 

fy entered (step S24) . In the "Pro" mode, the items are displayed 
according to a flow shown in FIG. 15. 
"Operation function setting" mode (Pro) (FIG. 15) 

FIG. 15 shows the display items and the flow in the "Pro" 
20 mode for displaying all items concerning the functions of the 
photoelectric switch 100. 

As the M key 23 is pressed for a comparatively short time, 
the display is switched in the following order: 
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(1) Operation mode switch; 

(2) timer mode switch and timer value setting; 

(3) APC function ON/OFF switch; 

(4) differential mode switch 

5 (5) display mode switch in "light reception amount and/or 
threshold value display" mode ("Std" or "Pro"); 

(6) economy mode switch 

(7) display value shift switch and shift amount setting 
Types of operation mode 

f 

IBS The photoelectric switch 100 of a preferred embodiment has a 

E — 5 

•a. J 

^ fine mode as the basic mode of operation and five additional 

HI 

operation modes including a turbo mode, a super turbo mode, an 

.-cn 

a ultra-turbo mode, a high speed mode, and a super fine mode, 
fy (1) Fine mode 

h§ The fine mode is the basic operation mode of the 

Pj photoelectric switch 100. In the fine mode, the light emission 
amount of the photoelectric switch is set so that the 
photoelectric switch demonstrates the optimum capability when the 
detection distance, namely, the distance from the light emission 
20 element 12 to the detected object T is approximately 100 mm, for 
example, when one fiber sensor head is mounted. 

The fine mode is suitable to detect, for example, the 
presence or absence of an impression on a bearing. Slight light 
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amount changes caused by the presence or absence of a minute 
impression can be determined precisely. 
(2) Turbo mode 

In the turbo mode, a substantially larger light reception 
5 amount than that in the basic operation mode is set. The light 
emission amount is set so that the photoelectric switch 
demonstrates the optimum capability when the detection distance 
is 200 mm. 

The turbo mode is suitable, for example, to detect a seal on 
1© a pasteboard. 

a 

N (3) Super turbo mode 

jjjj In the super turbo mode, a more substantially larger light 

ff! 

reception amount than that in the turbo mode is set. The light 

h 

emission amount is set so that the photoelectric switch 

Li 

l;g| demonstrates the optimum capability when the detection distance 

o 

ffj is approximately 3 00 mm, for example. 

The super turbo mode is suitable, for example, to detect the 
presence or absence of the detected object T in a state in which 
the light emission element or the fiber for guiding light from 
20 the light emission element and/or the light reception element or 
the fiber for guiding light into the light reception element and 
the detected object T are apart from each other. 
(4) Ultra- turbo mode 
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In the ultra- turbo mode, a more substantially larger light 
reception amount than that in the super turbo mode is set.' The 
light emission amount is set so that the photoelectric switch 
demonstrates the optimum capability when the detection distance 
5 is approximately 400 mm, for example. 

The ultra- turbo mode is suitable, for example, to detect the 
presence or absence of the detected object T at a distance 
further than that in the super turbo mode or to detect the 
detected object T in a hostile environment containing a lot of 
ltS dust, dirt, etc. . 
^ (5) High speed mode 



In the high speed mode, higher response speed than that in 
the basic operation mode is set. The high speed mode is 
suitable, for example, to detect the detected object T passing 



lg| through at a comparatively high speed. 

p 

Hi (6) Super fine mode 

Unlike the basic operation mode, the super fine mode is a 
mode in which the light amount is not saturated if the spacing 
between emitted light and received light of the photoelectric 
2 0 switch is relatively close. The super fine mode is suitable, for 
example, to detect a minute object with a transmission-type 
photoelectric switch. 

FIG. 15 shows an "operation mode switch" menu of the first 
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display item in the "Pro" mode. As the up/down key 21 is 
operated by pushing the UP portion, the menu in the first display 
section 17 is changed in order to the right. As the up/down key 
21 is operated by pushing the DOWN portion, the menu display in 
5 the first display section 17 is changed in order in an opposite 
direction (to the left) . 

The display "FinE" means the fine mode in the basic 
operation mode. The display "turb" means the turbo mode. The 
display "SuPr" means the super turbo mode. The display "ULtr" 

y, 

IT"" 

lp means the ultra-turbo mode. The display "hSPd" means the high 

£3 

j speed mode. The display "SFin" means the super fine mode. When 
y an Y desired operation mode is displayed, the user can press the M 
w key 23 for a comparatively short time for setting the operation 
jy mode and can make a transition to the second "timer" mode switch 
ifi display item. The setup operation mode is displayed on the sixth 
jfy display mode of the basic display information (FIG. 5) . 
"Easy" mode (FIG. 12) 

FIG. 12 shows the display items in the "Easy" mode. In the 
"Easy" mode, the display is limited to (1) the various states of 
20 the operation mode switch and (2) the various states of the timer 
mode switch and timer value setting described above. These are 
the basic settings of the photoelectric switch 100. As the M key 
23 is pressed, the "operation mode switch" display can be changed 
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to the "timer mode switch" display. If the M key 23 is further 
pressed, the "timer mode switch" display is returned to the 
"light reception amount and/or threshold value display" mode of 
the basic display information. That is, if the M key 23 is 
pressed when the "timer mode switch" display is produced, the 
"operation function setting" mode is exited and the mode is 
returned to the "light reception amount and/or threshold value 
display" mode of the basic display information previously 
described. 

In the "Easy" mode, the operation modes that can be selected 
J b y the user for the "operation mode switch" display, namely, 

J-jjJ selectable menu items are limited to the three operation modes of 

ff\ 

J* (1) fine mode (FinE) , (2) turbo mode (turb) , and (3) super turbo 

f% 

fy mode (SuPr) . The user selects one from among the three operation 

1M modes by operating the up/down key 21 and then presses the M key 

0 

fU 23, whereby any desired operation mode can be set. 

In the "Easy" mode, the operation modes are limited to the 
three operation modes generally used. However, for example, if 
the mode is switched to the "Easy" mode after the super fine mode 
20 (SFin) not contained in the "Easy" mode is selected in the 

previous "Pro" mode, preferably "SFin" is added to the "operation 
mode switch" menu display and specially the current setup 
operation mode is also displayed in the "Easy" mode. In this 
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case, most preferably the specially displayed "SFin" character 
string is set as the top display item of the "operation mode 
switch" display for making the user recognize the current setup 
super fine mode at the same time as the "operation mode switch" 
display is entered. If the user selects, for example, the super 
turbo mode (SuPr) that can be selected originally in the "Easy" 
mode out of the "operation mode switch" menu display, the super 
fine mode (SFin) may be deleted from the menu when the "Easy" 
mode is entered again. 

If the current setup operation mode displayed is an 
operation mode that can be selected originally in the "Easy" 
mode, such as the super turbo mode (SuPr) , the current setup 
operation mode is preferably displayed as the top display item. 
Accordingly, the user can see the display of the top display item 
to check the current setup operation mode. The same can be said 
of display items comprising a selection menu. That is, the 
current setup item is displayed as the top display item, namely, 
the current setup item is initially displayed, so that the user 
can see the current setup contents by viewing the top display 
item. 

FIG. 13 is a flowchart concerning the "operation mode 
switch" display in the "Easy" mode. If long pressing the M key 
23 (FIG. 9, FIG. 10) is detected in the "light reception amount 
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and/or threshold value display" mode of the basic display 
information (step S31 in FIG. 13), the selection step of "Easy" 
or "Pro" (FIG. 8) is entered. If the user selects "Pro" by 
operating the up/down key 21 in the selection step and then 
presses the M key 23, control goes to step S33 from step S32 and 
the "operation function setting" mode of the second display 
information is executed as the "Pro" mode (FIG. 15) . 

On the other hand, if the user selects "Easy" by operating 
the up/down key 21 on the selection menu in FIG. 8 and then 
presses the M key 23, control goes to step S34 from step S32 and 
^ the current setup operation mode is determined. 

The operation modes that can be set in the "Easy" mode are 
the three modes of the fine mode (FinE) , the turbo mode (turb) , 
and the super turbo mode (SuPr) , as previously described. 

When it is determined at step S34 that the current setup 
operation mode is any of the three operation modes that can be 
set in the "Easy" mode, control goes to step S35 and the 
"operation function setting" mode of the second display 
information is executed as the "Easy" mode and the current setup 
operation mode is displayed as the top display item of "operation 
mode switch", so the current setup operation mode is initially 
displayed. 

When it is determined at step S34 that the current setup 
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operation mode is none of the three operation modes that can be 
set in the "Easy" mode and it is the operation mode that can be 
set only in the "Pro" mode, control goes to step S3 6 and the 
"operation function setting" mode of the second display 
5 information is executed as the "Easy" mode. The character string 
meaning the current setup operation mode (for example, SFin) is 
then displayed as the top display item of "operation mode 
switch", so the current setup operation mode is initially 
displayed. 

lg FIG. 14 is a flowchart to describe the contents concerning 

the items displayed and settings in the "Easy" mode. 

y s 

ill Upon completion of the process previously described with 

iff! 

w reference to the flowchart of FIG. 13, at step S41 in FIG. 14, 

o 

fy the "operation function setting" mode is executed as the "Easy" 

ILs. 

W mode (FIG. 12) . The items concerning "operation mode switch" are 
W displayed initially in the "Easy" mode. If the operation mode 
needs to be switched, any desired operation mode is selected and 
the M key 23 is pressed. Then, control goes to step S43 from 
step S42 and the display is switched to the items concerning 
20 "timer mode switch and timer value setting" (FIG. 12) . 

The display in "timer mode switch and timer value setting" 
will now be discussed. The display "toFF" in FIG. 12 means the 
timer mode is OFF. Therefore, if "toFF" is selected, the timer 
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mode control described above is canceled and when the 
photoelectric switch 100 detects the detected object T, it 
immediately outputs a detection signal. If the M key 23 is 
pressed, the display is switched to the next display. 
5 The display ,! on-d" in the first display section 17 is an 

indication concerning the delay time when the photoelectric 
switch 100 sends an on signal to an external machine, and the 
numeral "40" on the right indicates the setup delay time (in 
seconds) . 

1§ In FIG. 12, the character string "on-d" is surrounded by an 

p ellipse. This ellipse means that the character string "on-d" is 

y blink-displayed. This visually indicates that the item 

CP 

s surrounded by the ellipse can be switched to any other display or 

w 

py the numeric value can be changed as the up/down key 21 is 

lH operated by pressing the UP or DOWN portions. The same holds 

9 

fy true with regard to other drawings as well as FIG. 12. When an 
ellipse is added to the first or second display section 17 or 18 
in the drawings, it means that the entry is blink-displayed. As 
mentioned above, this indicates that the entry surrounded by the 
20 ellipse can be switched to any other display or the numeric value 
can be changed as the up/down key 21 is operated by pressing the 
UP or DOWN portions. Such a display form is not limited to the 
blink display and any display form may be adopted that is a 
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visually discriminating method for the user based on how the 
entry is displayed, for example, in a different color from the 
normal color. 

Each time the up/down key 21 is operated UP with "on-d" 
5 blink-displayed, the first display section 17 changes to a 

character string of "oFFd" and to a character string of "SHot" 
and then returns to display "on-d." 

The display "oFFd" is an indication concerning the delay 
time when the photoelectric switch 100 sends an off signal to an 
lffl external machine, and the numeral corresponding to the delay time 
SI is displayed in the second display section 18 (not shown) . The 

m 

jF display "SHot" is an indication concerning the one-shot control 
' described above, and the numeral corresponding to the delay time 

b 

py is displayed in the second display section 18 (not shown) . 

\* 

1|) For example, if the output of an off signal is delayed, as 

O 

fy seen in FIG. 12, the M key 23 is pressed with "oFFd" blink- 
displayed (step S44 in FIG. 14) , whereby the numeral in the 
second display section 18 is switched to blink display (step 
S45) . The up/down key 21 is operated in this state, whereby the 
2 0 displayed numeral can be incremented or decremented (step S46) . 
If any desired numeral is displayed, then operation of the 
up/down key 21 is stopped and the M key 23 is pressed (step S47) , 
whereby output of the off signal of the photoelectric switch 100 
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can be delayed for as much long as the displayed numeric value in 
seconds. Delay of the on signal and delay of the one-shot signal 
can be set by performing similar operations. 

Upon completion of the timer mode switch based on pressing 
5 the M key 23 (step S48) as mentioned above, setting the 

"operation function setting" mode in the "Easy" mode is complete 
and the display returns to the basic display information (FIG. 
5) . 

FIG. 15 shows a display list concerning operation function 
M setting in the "Pro" mode. 

In the "Pro" mode, as the M key 23 is pressed, the operation 

Jc 

( r £ mode switch is switched among the timer mode switch, APC switch, 

% differential mode switch, display mode switch in the "light 

C3 

jfy reception amount and/or threshold value display" mode of the 

111 basic display information, eco mode switch, and display value 

O 

IV shift switch. As the M key 23 is further pressed, the "operation 
function setting" mode is exited and the mode returns to the 
"light reception amount and/or threshold value display" mode of 
the basic display information (FIG. 5) . 
2 0 Menu selection and incrementing or decrementing a numeric 

value in the display items of operation mode switch, timer mode 
switch, etc., displayed in the "Pro" mode are executed by 
operating the up/down key 21 as in the "Easy" mode. 
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The display value shift switch of the last display item in 
the "Pro" mode will now be discussed. The character string 
"ShFt" in the first display section 17 is short for shift and 
indicates that the current mode is the display value shift 
5 switch. The display "oFF" in the second display section 18 means 
that display value shift switch control is off. If the M key 23 
is pressed, the display value shift switch control is set to off 
and the numeric value corresponding to the actual light reception 
amount is displayed in the "light reception amount and/or 
10 threshold value display" mode of the basic display information 
^ (FIG. 5) . 

m 

jjj 0n the other hand, if the up/down key 21 is operated, the 

second display section 18 on the right is switched to the 

w 

fU character string "on, " which means that display value shift 

149 switch control is on. If the M key 23 is pressed in this state, 

P 

ITU the post-shifted light reception amount is numerically displayed 
in the second display section 18 (in the example shown in the 
figure, this value is 1224) . On the other hand, the shift amount 
(in the example in the figure, this value is 10) is displayed for 
20 one second in the first display section 17 and then the character 
string "ShFt" is displayed for approximately 0.2 5 seconds. After 
this, the sequence is repeated. 

While seeing the character string "ShFt" displayed 
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repeatedly in the first display section 17 and the numeric value 
of the shift amount, the user can set an appropriate shift amount 
seeing the numeric value of the post-shifted light reception 
amount in the second display section 18. The up/down key 21 is 
5 operated by pressing the UP portion, whereby the numeric value of 
the shift amount can be increased and the result is immediately 
reflected on the second display section 18. In contrast, when 
the up/down key 21 is operated by pressing the DOWN portion, the 
numeric value of the shift amount can be decreased and the result 

1© is immediately reflected on the second display section 18 on the 

O 

right . 

The first embodiment has now been described. Preferably, 
the previously selected item is displayed as the top display 
item, for example, the item concerning the display to select one 
from among several options and set it on the "Easy 11 mode or "Pro" 
mode selection menu (first display section 17 in FIG. 8), the 
operation mode switch (FIG. 12, FIG. 15), the display mode switch 
(FIG. 15), etc. In FIG. 8, for example, if the "Pro" mode is 
previously selected, when the operation mode setting mode is next 
entered, the character string "Pro" may be first displayed. 

According to the embodiment, the two entries contained in 
the "Easy" mode, namely, (1) the operation mode switch and (2) 
the timer mode switch and timer value setting are sufficient for 



20 
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the normal use. The basic operation of the photoelectric switch 
100 can be provided sufficiently by setting these two entries. 
Therefore, in the normal use mode, if the "Easy" mode is 
selected, the setting operation can be completed without 
displaying the unnecessary entries. The same holds true 
regarding the "light reception amount and/or threshold value 
display" mode of the basic display information for enabling the 
user to select the "Std" mode for producing a partial display or 
the "Full" mode for producing a full display. 

When the "Easy" mode is selected, the display entries can be 
narrowed down to the minimum necessary and thus the number of 
times the M key 23 is pressed accompanying the setting operation 

can be drastically reduced. In other words, there is no fear of 

O 

fy also displaying the entries that may remain in their default 

\* 

1*8 values in the normal use mode and changing the settings of these 

O 

ITU values by mistake. Even if an erroneous setting is made in a 
display item in the "Easy" mode, the number of times that the M 
key 23 must be pressed to return to the erroneously setup item 
can be drastically reduced, and the complicated procedure of 
20 setting it again can be eliminated. 

The user who wants to make advanced settings may select the 
"Pro" mode and set a rational parameter for the user. For such a 
user, it is important that the settings of all of the functions 
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of the photoelectric switch 100 can be changed or switched. 
Often the user is also familiar with handing the photoelectric 
switch 100. Therefore, the fear of making an erroneous setting 
is small. The character string of "Pro" is displayed for 
selection, so that the user can be prompted to be careful about 
the subsequent operation and thus a preferred man-machine 
interface can be provided. 

If the photoelectric switch 100 contains the function of 
first displaying the character string "Pro" when the operation 
mode setting mode is entered again if the "Pro" mode is 
previously selected, the need for operating the up/down key 21 to 
identify the character string as "Pro" is eliminated. Thus the 
"Pro" mode can be entered simply by pressing the M key 23. 
Therefore, for example, if an erroneous setting is made in an 
item displayed in the "Pro" mode and again the "Pro" mode must be 
entered, occurrence of a complicated key or switch operation can 
be circumvented as the "Easy" or "Pro" mode selection step is 
provided. 

Second embodiment (FIGS. 16 to 21) 

FIG. 16 shows an outline of a second example concerning the 
display in the photoelectric switch 100. The second embodiment 
differs from the first embodiment in that a "light reception 
amount and/or threshold value display" mode of a basic display 
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information contains a "Std" mode or "Full" mode selection step 
for the basic display information. 

FIG. 17 shows the flow path for the light reception amount 
and/or threshold value display in the "Full" mode for producing a 
5 full display. FIG. 18 shows the flow path of the light reception 
amount and/or threshold value display in the "Std" mode for 
producing a partial display. The first display mode (numeric 
display of the threshold value: Current light reception amount 
(current value)) to the sixth display mode for displaying the 
ItS current setup operation mode on the basic display information are 

N similar to those previously described with reference to FIG. 5 in 

CP 

*j the first embodiment. 

(ji 

!S Also in the second embodiment like the first embodiment, the 

e 

spy swing- type threshold value adjustment switch (or up/down key) 21 

|* 

lrjg can be operated for adjusting the setup threshold value on every 

0 

ry display mode of the first to fifth display modes. Also, the 

threshold value is set as a new threshold value when operation of 
the up/down key 21 is stopped. 

Also in the second embodiment like the first embodiment, if 
2 0 operation of the up/down key 21 is started on any of the third to 
fifth display modes, instantaneously the display mode is 
automatically switched to the second display mode. Then while 
the up/down key 21 is operated, the second display mode is 
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maintained and when operation of the up/down key 21 is stopped, 
the second display mode is returned to the former display mode of 
the third to fifth display modes. 

In the second embodiment, as seen in FIG. 19, if the M key 
5 23 is pressed for a comparatively short time on the sixth display 
mode displaying the operation state, a transition is made from 
the sixth display mode to -the seventh display mode and a 
character string of "diSP" is displayed in the first display 
section 17 and a character string of "Std, " etc., is displayed in 

ICS the second display section 18. 

0 

NT , The character string "diSP" is short for "display" and has a 

Cm 

meaning to set a display method in the threshold value display 

mode. The user can select any of the three menu items on the 

Q 

ry seventh display mode. That is, the seventh display mode contains 
15g (1) a "Std" mode selection menu item for displaying limited items 

o 

jftj of the "light reception amount and/or threshold value display, " 
(2) a "Full" mode selection menu item for displaying all of the 
items, and (3) a transition to a display function setting mode 
(FIG. 20) (display "Func"). 
20 On the seventh display mode, the character string "diSP" is 

displayed in the first display section 17. On the other hand, in 
the second display section 18, the character string "Std" is 
changed to "Full" and "Func" in order and again "Std" is 
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displayed as the up/down key 21 by pressing the UP portion. In 
contrast, as the up/down key 21 is pressed on the DOWN portion, 
the display contents of the second display section 18 changes 
from "Func" to "Full" and from "Full" to "Std." 
5 If the M key 23 is pressed for a comparatively short time 

when the character string "Std" is displayed in the second 
display section 18 on the right, the "Std" mode can be set. 
Accordingly, the display in the "light reception amount and/or 
threshold value display" mode is switched to the "Std" mode (left 
1SB loop in FIG. 18, FIG. 19) . 

o 

Jl If the M key 23 is pressed for a comparatively short time 

Jj . when the character string "Full" is displayed in the second 

s display section 18, the "Full" mode can be set. Accordingly, the 

Q 

•tajsr 

jy display in the "light reception amount and/or threshold value 

l§j display" mode becomes the "Full" mode for displaying all items 

p 

Ifll (see FIG. 17, FIG. 19) . 

The M key 23 is pressed when the character string "Func" is 
displayed in the second display section 18, whereby the "light 
reception amount and/or threshold value display" mode is exited 
2 0 and a transition is made to a "display function setting" mode 
shown in FIG. 21. To make the transition to the "display 
function setting" mode, the M key 23 may be pressed for at least 
a comparatively short time. 
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As seen in FIG. 21, the "display function setting" mode has 
two items: (1) an eco mode switch and (2) a display value shift 
switch. If the M key 23 is pressed, a transition is made from 
the "eco mode switch" to the "display value shift switch" . If 
the M key 23 is pressed in the "display value shift switch, " the 
mode returns to the "light reception amount and/or threshold 
value display" mode. 

Since "display" contained in the "Pro" mode in the first 
embodiment is added to the "light reception amount and/or 
threshold value display" mode in the second embodiment, the 
"display" item is omitted from the "Pro" mode in the second 
embodiment. Likewise, since the "eco mode switch" and the 
"display value shift switch" contained in the "Pro" mode in the 
first embodiment are executed in the "display function setting" 
mode separate from the "light reception amount and/or threshold 
value display" mode and "operation function" mode in the second 
embodiment, the "eco mode switch" and the "display value shift 
switch" items are omitted from the "Pro" mode in the second 
embodiment . 

According to the second embodiment, the items concerning the 
"display" are omitted and separated from the "Pro" mode, so that 
the number of display items in the "Pro" mode can be reduced and 
complexity of the key or switch operation in the "Pro" mode can 
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be decreased. Even the person who does not have knowledge of the 
photoelectric switch 100 and they select the "Pro" mode might 
want to change setting for the display. To do this, the user can 
enter the "display" mode in a loop separate from the "Pro" mode 
5 without entering the "Pro" mode. 
Third embodiment (FIGS. 22 to 25) 

In the third embodiment, compared to the first and second 
embodiments, an "operation function setting" mode of the second 
display information does not have a switchable display group for 
ljjj an "Easy" mode or a "Pro" mode. In the third embodiment, in the 
"operation function setting" mode, first, the frequently used 

jjj display items are displayed and next the user selects to proceed 

(fl 

B with the display of the less frequently used display items or to 

Q 

fU return to a "light reception amount and/or threshold value 

l€S display" mode of a basic display information. In the third 

9 

W embodiment, the "light reception amount and/or threshold value 

display" mode of the basic display information is similar to that 
in the first and second embodiments and therefore it will not be 
discussed again. 

2 0 FIGS. 22 to 24 show an outline of a display flow according 

to the third embodiment. For example, if the M key 23 is long 
pressed when some item in the "light reception amount and/or 
threshold value display" mode of the basic display information is 
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displayed in an "Std" mode in FIG. 23, the display is switched to 
the "operation function setting" mode of the second display 
information as seen in FIG. 22. In the "operation function 
setting" mode, first one or more of the frequently used items 
5 (the same as those in the "Easy" mode described above) are 

displayed in order (whenever the M key 23 is pressed, the items 
are switched in order) . Upon completion of the display of, for 
example, two items that are frequently used, a transition is made 
to the third display item and a selection menu for the user to 

Iffl select the display of any other item concerning the "operation 

M 

function setting" mode or to return to the basic display 

£ 

U inform ation ("light reception amount and/or threshold value 

* " display" mode) . 

Q 

fU If the user wants to set further detailed items, he or she 

iLa. 

h§ selects "proceed or enter (Ent) " and additional items are 

o 

ify displayed accordingly. On the other hand, if additional setup 
items need not be displayed, the user selects "not proceed 
(PASS)." Then, the "operation function setting" mode of the 
second display information is completed and the display in first 
20 and second display sections 17 and 18 returns to the basic 

display information ("light reception amount and/or threshold 
value display" mode) accordingly. 

FIG. 24 shows a flow path of the "operation function 
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setting" mode of the second display information. FIG. 2 5 shows a 
detailed flow of the "operation function setting" mode. When a 
transition is made from the basic display information ("light 
reception amount and/or threshold value display" mode) to the 
second display information ("operation function setting" mode) as 
the M key 23 is long pressed, first, the display concerning the 
operation mode switch is produced (step S51) . As for the 
operation mode switch, the user operates the up/down key 21, 
whereby six menu items are displayed in order and when any 
desired operation mode is displayed in the first display section 
17, the user can press the M key 23, thereby setting the 
displayed operation mode. That is, the second display 
information in the third embodiment provides, for example, six 
operation mode switch menu items as in the "Pro" mode in the 
first embodiment . 

As the M key 23 is pressed, the display in the first and 
second display sections 17 and 18 is switched to the second 
display, timer mode switch display (step S52) . As for the timer 
mode switch display, the user uses the up/down key 21 to change 
the menu and the numeric value. When any desired menu item and 
numeric value are displayed, the user can press the M key 23, 
thereby setting the timer based on the display contents, as 
previously described in the first embodiment. 
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Upon completing the setting of the timer as the M key 23 is 
operated, the display is switched to the function mode switch 
menu for selecting to "further proceed" or "not proceed" (step 
S53) . A character string of "Func" is displayed in the first 
5 display section 17 and a character string of "PASS" is displayed 
in the second display section 18, as shown in FIG. 25. The 
character string "PASS" means exiting from the operation function 
setting mode. If the up/down key 21 is operated, the character 
string "PASS" displayed in the second display section 18 is 

llS? switched to a character string of "Ent," which means to further 

O 

continue with the operation function setting mode, 
jj If the M key 23 is pressed when "PASS" is displayed in the 

CP 

a second display section 18, the second display information 

O 

jfy ("operation function setting" mode) is exited and the display 

L.L 

1|| returns to the basic display information ("light reception amount 

P 

PJ and/or threshold value display" mode) . On the other hand, if the 
M key 23 is pressed when "Ent" is displayed in the second display 
section 18, the "operation function setting" mode is continued 
and a detailed operation function setting of items for the APC 
20 switch, etc., for example, previously described as the "Pro" mode 
in the preceding embodiment is carried out. 

According to the third embodiment, in the "operation 
function setting" mode, the items concerning the basic operation 
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of the photoelectric switch 100 or the frequently used items are 
displayed first and "Func" is displayed as a caution before 
displaying any of the special setup item are entered. Thus, if 
it is sufficient for the user to set only the basic operation, 
5 they can exit from the "operation function setting" mode at that 
time, thereby omitting the subsequent complicated key or switch 
operations . 

Fourth embodiment (FIGS. 26 to 31) 

The display in the fourth embodiment is roughly classified 

5 s 

IS® into a "light reception amount and/or threshold value display" 

g s 

Sj mode of the basic display information, an "operation function 
U settin 9" mode of the second display information, and a "display 

in 

^ setting" mode of the third display information. If the M key 23 

Q 

|l| is long pressed in the "light reception amount and/or threshold 
1i5j value display" mode, a selection step of the "operation function 
fU setting" mode of the second display information or the "display 
setting" mode of the third display information is entered as seen 
in FIG. 2 6 and FIG. 27 showing the "light reception amount and/or 
threshold value display" mode in a "Std" mode as illustrated. 
20 For the "operation function setting" mode, the options of 

"Easy" and "Pro" are provided. Therefore, if the user long 
presses the M key 23 in the "light reception amount and/or 
threshold value display" mode, they can select any desired option 
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from among the "Easy", "Pro", and "display setting". 

FIG. 2 8 shows the display first appearing in display 
sections 17 and 18 after the M key 23 is long pressed in the 
"light reception amount and/or threshold value display" mode of 
5 the basic display information. First, the character string 

"Easy" appears in the first display section 17 and as the up/down 
key 21 is operated by pressing the UP portion, the character 
string "Pro" appears in the first display section 17. As the 
up/down key 21 is further operated by pressing the UP portion, a 

u 

R 

lgj character string of "diSP" appears in the first display section 

Q 

M 17. The character string "diSP" is short for "display" and means 

CP 

J the "display setting" mode. As the up/down key 21 is further 

~ s operated by pressing the UP portion, the first display section 17 

Q 

|=y returns to the character string "Easy." In contrast, if the 
^■S up/down key 21 is operated by pressing the DOWN portion, the 
fy display order of the display contents is reversed. 

If the M key 23 is pressed when the character string "Easy" 
is displayed in the first display section 17, the "Easy" mode is 
selected as the display of the "operation function setting" mode 
20 of the second display information (FIG. 29) . The "Easy" mode in 
the fourth embodiment is substantially the same as that described 
in the first embodiment and therefore it was described above with 
reference to FIG. 11. 
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If the M key 23 is pressed when the character string "Pro" 
is displayed in the first display section 17, the "Pro" mode is 
selected as the display of the "operation function setting" mode 
of the second display information (FIG. 29) . The "Pro" mode in 
5 the fourth embodiment is substantially the same as that described 
in the second embodiment and therefore it was described above in 
the discussion of FIG. 20. 

If the M key 23 is pressed when the character string "diSP" 
is displayed in the first display section 17, a transition is 
10 made to the "display setting" mode of the third display 

0 

Sj information shown in FIG. 31. As the M key 23 is pressed in the 
J "display setting" mode, three items: (1) the selection of the 

^ R display mode of "Std" or "Full" in the "light reception amount 

O 

jfy and/or threshold value display" mode for the basic display 
1$ information, (2) the eco mode switch, and (3) the display value 
RJ shift switch are displayed. As the M key 23 is further pressed, 
the mode returns to the "light reception amount and/or threshold 
value display" mode of the basic display information. 

The photoelectric switch 100 of a dual monitor type 
20 comprising the first and second display sections 17 and 18 has 
been described by way of example. In the photoelectric switch 
100 of dual monitor type, in the "light reception amount and/or 
threshold value display" mode, the tolerance value and the 
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t * 

current light reception amount are displayed at the same time 
with the second display mode and the third display mode, as 
described above, so that the user can adjust the threshold value 
while seeing the display. When finely adjusting the threshold 
5 value in response to the detection environment, the user visually 
checks that the light reception amount is extremely small, for 
example, and then they can immediately know the fact that the 
photoelectric switch is close to the performance limit for 
functioning as a detection switch. Therefore, the user can 
3|p reassess the detection environment and immediately improve it 

M while adjusting the threshold value. Formerly it was not 

0 

jP possible to optimize the threshold value until the threshold 

value was determined through several trial and error procedures. 

0 

pj With the present invention, the improvement of the detection 

H- 

l ; |j environment and optimization of the threshold value can be 

w 

FU carried out efficiently according to the photoelectric switch 
100. 

When at least either of the first and second display 
sections 17 and 18 is implemented as two-color LEDs, the user may 
2 0 be aggressively informed of the fact that the photoelectric 

switch is close to the performance limit for functioning as a 
detection switch described above by displaying at least either of 
the first and second display sections 17 and 18 in a different 
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color from the normal color. 

In the "light reception amount and/or threshold value 
display" mode, the maximum value and the minimum value of the 
light reception amounts are displayed at the same time with the 
fourth and fifth display modes. Thus, the user can visually 
check whether or not the light reception amount difference is 
sufficient for detecting the presence or absence of a detected 
object even in a detection environment where the detected object 
moves at a high speed. 

!® In the first embodiment described above, when the M key 23 

O 

J is long pressed, the "Easy" or "Pro" mode selection menu 

JS 

§5 concerning the setting change is displayed. If the user needs to 

CP 

a " change or check only the basic settings of the photoelectric 

Q 

fy switch, they may select the "Easy" mode. Accordingly, the 

h* 

1® display is narrowed down to the frequently used items for the 

O 

TSST 

IU minimum necessary settings, namely, the basic settings of the 
photoelectric switch. Thus, even the photoelectric switch 
comprising a large number of functions would make it possible to 
eliminate the need for repeating burdensome key operations for 
20 jumping all of the items appearing on the display section one 

after another. Therefore, the user is not annoyed because they 
are not required to complete unnecessary setting changes 
including their entering erroneous keys when they intend to jump 
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the unnecessary displays. 

On the other hand, if the user uses the large number of 
functions contained in the photoelectric switch, they can select 
the "Pro" mode for changing the settings for all of the functions 
to appropriately set the multifunctional photoelectric switch in 
response to the detection environment. 

Likewise, the "light reception amount and/or threshold value 
display" mode can also be switched between the Std (standard) 
display mode for displaying only several items that are 
frequently used and the full display mode for displaying all of 
the items. Thus, if the user sees only the numeric value and 
corrects it, for example, they can set the "Std" display mode for 

reducing the number of displayed items and eliminating the need 

O 

fu for repeating the burdensome key operations thereby jumping all 
.iJI items appearing on the display section one after another. 

g 

RJ According to the second embodiment, the setup items 

concerning the display function are separated from the "operation 
function setting" mode and the "display function setting" mode 
(FIG. 26) and can be entered directly from the "light reception 
amount and/or threshold value display" mode without entering the 
"operation function setting" mode. In other words, the items 
concerning the display function setting are removed from the 
"operation function setting" mode, so that the number of display 
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items in the "operation function setting" mode can be decreased 
and the number of times the M key 23 is operated can be reduced. 

In the first embodiment, for example, even the user who 
wants to only change the setting concerning the display entering 
5 the "Pro" mode with a large number of display items, they cannot 
change the display setting until they repeat the key operation a 
large number of times. However, the setting concerning the 
display can be changed in the "light reception amount and/or 
threshold value display" mode of the basic display information. 
!© In the first and second embodiments, the "Easy" mode and the 

SJ "Pro" mode are provided for the user to select either of them 

CP 

jr according to their desire. In the third embodiment, however, the 

w 

^ 8 user can select to enter the function setting menu or to cancel 

fy lfc t >ase d on their desire in response to the necessity for the 

l|* setting change. Therefore, in the normal use state, the user can 

Q 

HI directly use most of the items concerning the "operation function 
setting" mode. Of course, if the user needs to set items over a 
wide range, they may select "Ent" (FIG. 25) to enter the items 
concerning detailed operation function setting. 
2 0 Fifth embodiment (FIGS. 32 to 35) 

In the description of the first to fourth embodiments, the 
photoelectric switch of a dual monitor type comprises two display 
sections, namely, two screens. Many photoelectric switches have 



- 67 - 




only one display section, namely, a single screen. The invention 
can also be applied to the photoelectric switch of a single 
monitor type. An example of a single monitor type of 
photoelectric switch will be discussed as the fifth embodiment of 
5 the invention. The fifth embodiment basically is based on 

substantially the same concept as the first embodiment. However, 
application of the invention concerning the photoelectric switch 
of the single monitor type is not limited to the fifth embodiment 
and may be based on substantially the same concept as any other 

Iffl embodiment described above. 

O 

Nj Also in the fifth embodiment, similar to the first and 

W 

* second embodiments, a step of generally selecting an "Easy" mode 

CP 

g " (FIG. 33) or a "Pro" mode (FIG. 35) is contained between a "light 

O 

pj reception amount and/or threshold value display" mode (FIG. 32) 

lig and an "operation function setting" mode (FIG. 33, FIG. 34). 

o 

jffj FIGS. 32 to 34 show display modes of the photoelectric switch of 
the single monitor type in each mode. A display section of the 
photoelectric switch of the single monitor type is denoted by 
reference numeral 60 to distinguish it from the first and second 
20 display sections 17 and 18 of the dual monitor described above. 
Also in the fifth embodiment, similar to the first 
embodiment, the "light reception amount and/or threshold value 
display" mode (FIG. 32) can be switched between a "Std" mode and 
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a "Full" mode in a "diSP" (display mode switch of basic display 
information) entry in the "Pro" mode (FIG. 35) . 

It can be understood by those skilled in the art from the 
description of the fifth embodiment that various items can be 
5 displayed in the photoelectric switch comprising the single 

display section based on the same concept as the photoelectric 
switch 100 of dual monitor type comprising the first and second 
display sections 17 and 18 of the first to fourth embodiments 
described above. 

1® The invention has been described by taking the reflection- 

.£555. 

N type and integral -type photoelectric switch 100 comprising the 

jjj optical fibers 14 and 15 as an example, but the invention is not 

CP 

J" limited to this type of photoelectric switch. For example, the 

Q 

HI invention can also be applied to photoelectric switches of the 

lijb types shown in FIGS. 36 to 40. Elements of the photoelectric 

p 

HI switches similar to those of the above-described photoelectric 

switch 100 are denoted by the same reference numerals in FIGS. 36 
to 40. 

FIG. 36 shows a photoelectric switch 200 of the type wherein 
2 0 a light emission element 12 and a light reception element (not 
shown in FIG. 36 for simplification) are placed on one end face 
of the casing 11 and light emitted from the light emission 
element 12 is applied to a detected object T and reflected light 
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is received directly at the light reception element. The 
photoelectric switch 2 00 adopts a semiconductor laser light 
emission element as the light emission element 12. 

A first display section 17 and a second display section 18 
5 are placed adjacent to each other so that one is on top of the 
other on a top face 11a of the casing 11 of the photoelectric 
switch 200. A bar LED monitor 40, a light emission indicator 41, 
a first hold mode indicator 42, and a second hold mode indicator 
43 are also placed on the top face 11a of the casing 11. The 

jM- 

lt§ above-mentioned swing-type threshold value adjustment switch 21 

o 

SI contained in the first embodiment is implemented as two separate 

CP 

4= key switches of an up key switch 44 and a down key switch 45. 
01 The bar LED monitor 4 0 displays that the electric current value 

ii! 

|j corresponding to the light reception amount of the light 

U 

15g reception element 13 exists in the range of approximately +20% 
fy from a predetermined value (the threshold level) . FIG. 37 is a 
drawing to show the portion of the bar LED monitor 40 on an 
enlarged scale. As seen in the figure, the bar LED monitor 4 0 
comprises two up and down stages each comprising eight 
2 0 longitudinal LEDs. This composition is substantially the same as 
the bar form display of the tolerance value previously described 
with reference to FIG. 6. 

If a threshold level is set between the fourth and fifth 
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longitudinal LEDs from the right and one longitudinal LED is set 
corresponding to a 5% increment or decrement, the tolerance 
increment and decrement of approximately ±2 0% from the threshold 
level can be displayed. If the lower longitudinal LEDs are used 
5 for the four longitudinal segments on the right and the upper 

longitudinal LEDs are used for the four longitudinal segments on 
the left with the threshold value therebetween, the user can be 
informed of the threshold level from the on position difference 
between the fourth lower longitudinal segment from the right and 

2""""* 

lg the fifth upper longitudinal segment. 

m When light is emitted from the light emission element 12, 

y the light emission indicator 41 is turned on. When light 

CP 

a emission from the light emission element 12 is stopped, the light 

fy emission indicator 41 is turned off. The first hold mode 

lC 5 indicator 42 is turned on when a first hold mode for holding the 

Q 

W maximum value of the emission amount of light received by the 
light reception element 13 is selected. The second hold mode 
indicator 43 is turned on when a second hold mode for holding the 
minimum value of the emission amount of light received by the 
20 light reception element 13 is selected. 

FIG. 38 is a circuit diagram of the laser-type photoelectric 
switch 200 in FIG. 36. The photoelectric switch 200 in FIG. 36 
adopts the laser light emission element and thus comprises a 
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power supply circuit 46 and a variable power supply circuit 47 
and also comprises a light emission circuit 48 for the bar LED 
monitor 40. 

FIG. 39 shows a reflection- type and separate- type 
5 photoelectric switch 300. The photoelectric switch 300 includes 
a head unit 51 comprising a light emission element and a light 
reception element and a main unit 52 containing an amplifier, a 
CPU, etc. A cable 53 connects the head unit 51 and the main unit 
52. First and second display sections 17 and 18 and an operation 

Mb 

lO section 3 6 are placed on the main unit 52 of the photoelectric 

O 

SI switch 300. 

^ FIG. 40 is a modified example of the photoelectric switch 

CP 

^ 300 in FIG. 39, wherein the first and second display sections 17 

G 

pj and 18 are also placed on the head unit 51. The operation 
section 36 may also be placed on the head unit 51. 

fU The invention has been described by taking the reflection- 

type photoelectric switch as an example, but it can also be 
applied to a transmission-type photoelectric switch wherein a 
light emission section and a light reception section are 
2 0 separated and light passing through a detected object is received 
at the light reception section. Also in the transmission- type 
photoelectric switch, the first and second display sections 17 
and 18 or one display section 60 may be placed on either or both 
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of the light reception section unit and the light emission 
section unit. An operation section 36 comprising various 
switches may be placed on either or both of the light reception 
section unit and the light emission section unit. 

It is to be understood that although the present invention 
has been described with regard to preferred embodiments thereof, 
various other embodiments and variants may occur to those 
skilled in the art, which are within the scope and spirit of the 
invention, and such other embodiments and variants are intended 



The text of Japanese priority application no. 2001-073339 



*\t filed March 15, 2 001 is hereby incorporated by reference. The 



text of related U.S. Application No. 10/055,033, titled 

O 

qj PHOTOELECTRIC SWITCH and filed January 25, 2002 is also hereby 
1§1 incorporated by reference. 



1© 

0 
SI 
(P 



to be covered by the following claims. 



o 
w 



- 73 - 



